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SUMMARY

A breadbcard and two prototype Advancad Line Contactors
(ALCe) have been fabricated and succesafully tested to
contract requirementa.

and turn-off continucus

2. The ALCs are able to turn-on, carry,
load currents betwaeen zero and 400 Adc.
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I. INTRODUCTION.

The Advanced Line Contactor (ALC) Functioneslly Equivalent
Prototype (FEP) is designed to switch on, carry, and awitch off a
load current of 400 Adc in a& 270 +/- S Vdec circuit. In an
overload condition, the ALCFEP ia capable of awitching on and off
a load current of 600 Adc. The ultisate application for the ALC
ia in a 270 Vdc aircraft electrical distribution syatem.

The ALCFEP is a hybrid contactor that consists of an
electromagnetic relay (a mechanical contactor) connected in
parallel with a transisator power awitch.

The transistor power &witch initiates and terminates the ALC load
current, while the electromagnetic relay (ENR) maintainae & low
contact voltage drop during the period between load current
initiation and load current termination.

This system is designed to take full advantage of the superior
awitching ability of the power transistor end the exceedingly low
contact voltage drop of the electromagnetic relay. This providea
efficient, arclesas, and bounceless high power awitching action.

A photograph of the ALCFEP is shown in Figure 1. The ocutside
dimenaiona of the unit is 8.2 inchea high, 8.1 inches wide, and
7.5 inches deep. The outside volusme is 498.2 cubic inches and
the weight is 22 pounds. The bottom plate of the ALC is mounted
to the air frame atructure by four 5/16 inch bolts.

Figure 1 shows the high current terminals Al, A2, and G and the
low current multi-pin connector J4. As shown in the connection
diagram in Figure 2, the 270 +/- 5 Vdc input voltage (or LINE) ia
connected between terminals Al (+) and G (-);: and the ocutput load
ia connected between terminsls A2 (+) and G.

The control signal input is a zero to 10 +/- 1 mAdc current
command and is connected to pins R1(+) and R2(-); J4-3 and J4-4
of connector J4, respectively. When the input control signal isas
abova 9 +/- 0.9 mAdc, the internal circuitry permits load currant
to flow bhetween terminals Al and A2.

When the input control aignal is below 1.0 +/- 0.1 mAdc, the
internal circuitry will not permit load current to flow between
terminala Al and A2 .

In the event that the circuity between terminals Al and A2
becomes degraded, a 28 Vdc (at 40 mAdc, maximum) failure signal
output will be generated. The presence of the fasilure signal
indicates that either the internal leakage current betweaen
terminala Al and A2 haa reached 2 mAdc or that contacta in the
electromagnetic relay have been welded together. The purpose of




ADVANCED LINE CONTACTOR FINAL REPORT 5814498

AR
Vo ily

Figure 1. Photograph of Advanced Line Contactor
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the failure signal is tao warn service personnel to refrain from
coming into contact with the asupposedly de-energized output of
the ALC.

Figure 3 shows the transient characteristic of the 270 Vdc input
source voltage. It indicates that:

(1) the steady-state voltage varies:
(a) +/- 5 Vdc for rated locad (400 Adc) and
(b) +/- 10 Vdc for 12%Xx rated load (S00 Adc):;

(2) the maximum transient voltage due to load or fault
removal ia:

(a 350 Vdc and
(b) has a maximum duration of 33 milliseconds; and

(3) the minimum transient vcltage due to load application
ia:

(a) 200 Vdc for rated load (400 Adc),

(b? 175 Vdc far 125X rated load (S00 Adc), and

(c) has a maximum duration of 34 milliseconds.
The design of the ALC is such that proper operation is maintained
for the transient and sateady-astate dc input voltage variations

shown above.

Table I reviews the input/output design goals of the Advanced
Line Contactor.

II. SYSTEM CONFIGURATION.

The system block diagram for the Advanced Line Contactor is shaown
in Figure 4. It consiata of aix (6) functional subsyatema:

(1) Input Suppressor,

(2) Hybrid Contactor,

() Qutput Suppressor,

(4) Leakage Current Detector,
(3) Control Logic, and

(6) Low Voltage Power Supply.
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TABLE
INPUT/0OUTPUT DESIGN GOALS OF

INPUTS:
DC INPUT VQLTAGE:

270 <+/- 5 Vdc Steady State
Load 400 Adc

270 +/- 10 Vdc Steady State
Overload S5S00

See Figure 3 for transient

voltage apecification

0O to 400 Adc nominal
600 Adc maximum overload

CONTRQL SIGNAL INPUT:
QO to 10 +/- 1 mAdc into input
reaiatance of 732
ohma +/- 1%
EMR Turn-on: Above 8.1 mAdc
(or 6.0 Vdc)
EMR Turn-off: Below 2.3 mAdc
(or 1.7 Vdc)

QUTPUTS:
DC OUTPUT VOLTAGE:

270 +/- S Vdc - 250 aV

Steady State Rated Load 400 A

270 +/- 1Q Vdc - 300 aVv
Steady State overload 600 Adc

0 to 400 Adc normal
600 Adc maximum overload
FAILURE SIGNAL OUTPUT:

Outputs 28 Vdc at 40 mAdc Max.
(1) Dc output leakage cur
is between 2 mAdc and
4.835 Adc: and/or
(2) Auxiliary contacts
indicate that the
Electromagnetic Relay

R FINAL REPORT 3814498

I
ADVANCED LINE CONTACTOR

TERMINALS:

Rated

Adc

R1(+)>: J4-3
R2¢(-): J4-4

TERMINALS:

dec

M1c¢+)
M2(-)

Ja-1
J4-2

1£:
rent

contacta are welded closed.
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1. INPUT SUPPRESSQR, HYBRID CONTACTQR, AND QUTPUT SUPPRESSQOR.
The input auppressaor, the hybrid contactor, and the output
suppressor work together as a team. When the hybrid contactor
interrupts the loed current (flowing from the dc input asource to
the dc output load), the input and ocutput suppressors provide
alternate current patha that perait an orderly relesae of the
atored energy associated with the input and output circuit
inductances. Interrupting the load current (in an inductive
circuit) without the use of the input and/or output asuppresaors
exposes the hybrid contactor to a very large voltage transient.
In a mechanical contactor, this voltage transient causes the
contacta to arc upon opening.

2. LEAKAGE CURRENT DETECTOR. The leakage current detector
monitors the ALC output load current. This asensor ia to detect a
leakage current of 2 mAdc when the ALC i{a8 in the off or open
condition. The aenaor output ia fed into the control logic which
generates a failure signal output. The purpose of this scheme is
to inform service peraonnel that a potential lethal electric
shock hazard may exist on the ALC ocutput terminal A2,

3. CONTROL LOGIC. The control logic provides the necessary
functiona to control the hybrid contactor in reasponse to the
control input aignal. These functions include the generation of
the transistor power awitch base drive current and the voltage
and current required for the relasy coil driver. The control
logic alao provideas a failure signal output in the event that:

(1) the ALC output leakage current reaches 2 mAdc, or

(2) a welded contact condition exists in the hybrid
contactor.

4. LOW VOLTAGE POWER SUPPLY. The low voltage power supply
converts the 270 Vdc (nominal) input voltage into various dc low
voltagea that are divided into isolated groupa. These iaclated
voltages are used by the hybrid contactor, the leakage current
detector, and the control logic.

III. INTERNAL FUNCTIONS QF SUBSYSTEMS.

1. INPUT SUPPRESSOR CIRCUIT. The circuit, as shown in Figure S,
conaiats of the two International Rectifier power zener diodes
connected in parallel acroes the 270 Vdc dc input voltage. Each
zener diode consista of four zener junctiona connected in smseries.
The clamping voltage of the input auppresasor ia below 500 Vdc
(which is to protect the switching tranaiastors in the transistor
power awitch) and above 350 Vdc (which ia the maximum speacified
transient or spike voltage from the dc input source). The
clamping voltage, and the allowable suppressor dissipation, is a
function of ite junction temperature, and thus is a function of
the dc input source inductance. In s paper design, it waa
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estimated that the maximum permissible input inductance for the
dc source is 1.5 mH. This has not been confirmed in laboratory

teating.

2. HYBRID CONTACTOR. The hybrid contactor is essentially s
transistor power switch connected in parallel with an
electromagnetic relay. A functional block diagram of the hybrid
contactor 1s shown in Figure 6. The tranaistor awitch energizes
the load circuit before the contacta of the electromagnaetic relay
cloae. Similarly, the transistor switch de-energizes the load
circuit after the contacts of the electromsgnatic relay open. In
this manner, the relay contacts are never required to open or
cloae load current (thereby reducing contact arcing to a
minimum);: the contacts are only required to carry the asteady-
state current (and take advantage of the low contact voltage drop
of the electromagnetic relay). (The relay coil drive ahawn in
Figure 6 will be diacuaaed below.) The rated load current ia 400
Adc, with a 600 Adc overload capability.

a. Tranaistor Power Switch. The transiastor power awitch,
ahown in Figure 7, ia made up of 112 Solitron S00 volt, 10 amp
transistor chips connected in parallel. There are 56 transistor
packages, and each package containa two tranajiator chipa. Each
tranaiator 1s fused in auch a manner that proper operation will
be maintained in the event of & transiator failure. For the 600
amp overload condition, 43 tranasistor packages are required (7
amps per chip) for aatiasfactory operation, thus 13 tranaiator

packages could fail with no degradation in operation.

For the transistor power switch to operate properly, it is
important to reduce the atorage time of the individual paralleled
transiatoras to a minimum, auch that the transistors turn-off
together. This ia accomplished by using:

(1> A modified Baker clamp circuit that limits the base
drive current to the transistor power switch such that
the parslleled tranaistors are not fully saturated; and

(2) an active transistor power switch base-emitter carrier
aweeap-out circuit.

A resistor-capacitor “snubber’” circuit is connected across the
collector-emitter of the tranajistor power awitch to absorb any
remaining voltage spike that the input and output auppreasora
missed during the awitching period.

b. Electromagnetic Relay. The electromagnetic relsy was s
laboraetory prototype developed by Hartaman Electric Manufacturing
excluaively for the ALC application. An outline drawing of the
Hartsan electromagnetic relay is shown in Figure 8. It ia rated
to carry 400 Adc with a maximum contact drop of 1735 aV. It has
an overload rating of 600 Adc. This relay features double break
contacts, low contact transfer time, a magnetic arc blow-out

achese, and an economizer coil aystem. (The mechanical

10
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economizer coil switch was replaced with a transistor switch to
isprove reliasbility.)

A pivoted lever mechanism was developed that increased the
contact tranafer velocity, auch that the operate time of the
relay ias approximately 20 to 30 milliaseconda. The deaign goal
wag 30 milliseconda.

In the normal ALC steady-state on condition, the relasy contacts
carry the loed current. To interrupt load current, the following
saquence takes place:

(1) In the first few microseconds, when the relay contacts
initiate opening, load current ia tranaferred from the
relay contacts to the trsnsiator switch;

(2) the transistar switch continues to carry the load
current until the relay contacts complete their travel
(20 to S0 milliseconds later); and

(3) the transistor power seswitch is then turned off.

The relay has a magnetic arc blow-out function that will ensure
that the load current ia efficiently interrupted, in the event of
s failure in the power tranaiastor switching action. (Note: this
blow-out function is not required during normal ALC operation.)

The magnetic asrc blow-cut consists of a magnetic field being
applied to the electric arc between the opening contacts in auch
a manner as to elongate thae arc, This elongation has two effects
which ultimately csuse the arc to extinguish. These effects are

(1) the arc is cooled since the arc cocoling mechanism is
improved by the increase in surfece area, and

(2) the vaoltage to maintain the arc is increased by the
increase in arc length.

The magnetic field is produced by a set of permanent magnets that
are in proximity to the contactas.

14
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The economizer coil system consists of two cails connected in
aeriea es ahown in Figure 9. Coil #1 has a amall number of turna
of large diameter wire (low dc resistance) and coil #2 has a
large nuaber of turna of amsll diameter wire (high dc
resistance). Coil #1 ia designed for only momentary (S0 to 100
mailliseconds maximums, e.g.) application of 270 Vdc; while coil #2
is designed for continuous application of 270 Vdc.

The 270 Vdc input voltage is initially applied to coil #1 which
will produce a large magnetic field that is proportional to the
ampera-turns of coil #1. This magnetic field causea a large
accelerating force to be applied to the relay armature, which
ultimately resultsa in a rapid contact tranafer. When the contact
transfer is complete, thea 270 Vdc input voltage is applied to the
two coils connected in series. The resulting ampere-turna is
only a fraction of the initial ampere~turna, but it ia more than
enough to produce the proper magnetic force to hold the contacts
closed.

Wwhen the dc input voltage is applied to coil #1, the steady-state
current is approximately 2 Adc; when it is applied to the series
combination, the ateady-astate current ias approximately 5SS mAdc.

The relay coils can not he energized until the transistor power
switch ia turned-on, which ia s asfae guard in the event that the
transiastor power switch faila to turn on. The upper junction of
colil #1 ia connected to the output terminal of the ALC, A2.

A low current 2 Adc transistor switch (Q20) is connected ta the
junctions between coil #1 and coll #2 and the 270 Vdec return.
When this transiastor awitch is turned-on, coil #1 ia energized.

A second low current transistor switch (@22) is connected betwee:
the lower and of coil #2 and the 270 Vdc return. When this
transistor awitch ia turned-on, and tranaistor switch Q20 ia
turned-off, coil #2 is energized. (Due to the low reaistance of
coil #1 and the high restistance of coil #2, moat of the 270 Vdc
"is dropped across coil #2,)

To close the relay contacts, both transistor switches (Q20 and
Q22) are initislly turned on (which only energizes coil #1).
Tranaistor switch Q20 will be turned-off when the normally closed
auxiliary contacta of the relay open. Coil #2 will then hold, or
seal-in, the mein contacts of the relay.

When the relay coils are turned off by transistor switch @22, the
stored energy of the relay coila is dissipated by the dc
resiatance of the coils and the forward voltage drop acrcas the
free whealing diodes.

15
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3. OUTPUT SUPPRESSOR CIRCUIT. The circuit, shown in Figure 10,
consists of four fast recovery diocodes connected in parallel
across the output load circuit of the ALC. When the transistor
power switch interrupts the flow of current from the dc input
source (terminal Al) to the output load (terminal A2), the
release of the stored energy in the output circuit inductance
tends to maintain a current flow through the load. With the
output suppressor in place, this current free-wheels or
circulates through the load and the diodeas of the output
suppressor, and will eventually decay to zero. The allowable
dissipation is a function of the total output load inductance.
In a paper design it was eatimated to be a maximum of 1.2 mH.
This has not been confirmed in laboratory testing.

4. LEAXAGE CURRENT DETECTOR. The leakage current detector
manitors the dc laad current from the ALC output without any
electrical connection. It thus providea electricasl isolation
between its input and output circuits. Thia is a proprietary
item and is purchased from American Aerospace Controls, Inc. An
outline drawing and data sheet are ahown in Figure 11. It s
designed to sense current over the range of 0.2 to 5 mAdc with an
accuracy of +/- 4X over a temperature range of +/- 75 degrees C.
It haa a linear output of 1 Vdc/mAdc to 8 mAdc. The maximum
output voltage is 10 Vdc and is obtained from 10 mAdc to 4.25
Adc. Above 4.25 Adc the sensor output dropa to zero. The
detector is rated to withstand 1000 Adc steady-state with no
damage. (It is limited to a current-time rate of change of S50 A
per microsecond and a voltage-time rate of change of 30 V per
microsecond. If these limitas are exceeded, the sensaor may
“*lockup'"” and fail to give an output. The sensor can be reset by
cycling on and off the + 28 Vdc supply. Because of the
difficulty of generating these current- and voltage-rates of
change in the laboratory no teats have been conducted to observe
this “lockup” problem. In the normal laboratory testing that has
been done, no “lockup' problem was noted.)

S. CONTROL LOGIC. The functional block diagram of the control
logic is ahown in Figure 12. The primary function of the control
logic is to properly turn-on and turn-off the hybrid contactor in
response to the control signal input.
The turn-on sequence for the hybrid contactor is to:

(1) turn-on transistor power switch:;

(2) energize electromagnetic relay cail;

(3) close contacts of electromagnetic relay:

(4) transfer load current from transistor power switch to
contacts of electromagnetic relay; and

(3) remove power transistor base drive (Baker Clamp).,

17
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DESCRIPTION

Series 903 Sensors are used for the messurement control or detec-
tign of low levels of D.C. current. The sensing of D.C. current flow
s accomphshed without breaking 1nto or electricaily connecting to
the D C. current conductor. This 1s particuierty important far many
‘neasurement apphcations including those that require nan-intrusive
measurement for system satety when used on high voitage ines.

The 903 Seres utilizes a saturabie torodal core to sense the mag-
netc Hux associated with the current flow. A proven detection snd
SWfnai canationing circwit produces an extremely stable, accurste
and repeatable output signal over a wide ambient temperature range.

In normal operation the curisnt carrying cable is psssed through
an insulated tube in the sensor. The sensor requires a +28V D.C.
excitatron voltage to power the detection and signal conditioning
¢ rcuits. Models are available covering D.C. input current ranges
2t 31 S miliamps to O to 5 amps. Two grades are available for
Tit-tary and industnal appticaions. The sensor can withstand steady
state overinads up to 1000 amps.
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APPLICATIONS

The 903 Series Current Sensors while used extensively for low
amperage D.C. current measurements aiso meet appiication needs
for high voitage readings on hines that can not safely or convemently
be contacted with voitage leads. This type of measurement is ac-
comphshed with 8 non contact D.C. current sensor by measunng
the current tiow through s fixed resistor of known vaiue. The
muitiphication of the current fiow by the fixed ohmic resistance rep-
resents the non-intrusive voitage measurement.

The 903 type sensors are aiso suitable for use in process control and
power control applications, current ground leaksge detection on
communcation equipment, detection of relay cod actuation current
and other switch gear parameters and measurement of fuel cell and
battery current How.

Unltke shunts there is no power dissipation or .nsertion loss assoc!-

ated with the 903 sensors whoss output aignel 13 Morecver, com-
patable with computer or data logger equipment.

Ced o

tor megsurement & control applications

FEATURES

Complete Electrical Isolation
Zero Insertion Loss

Linear D.C. Qutput Signal
High Accuracy & Stability

High Overfoad Capability
Reverse Polarity Protection
Short Circuit Protection
Rugged Construction

Fully Encapsulated

American Aerospace Controls. Inc.

QIO SMITH STREET FARMINGDALE. NEW v 8n . &
1916} 694-8100

Figure 11-A. Qutline Drawing of Leakage Current Detector
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SPECIFICATIONS

INPUT CURRENT RANGES MILLIAMPS AMPS
05 0-1
0-10 0-2
0-20 0-3
0.50
0-100
0-200
0-500

*OUTPUT SIGNAL
QUTPUT IMPEDANCE

0 TO 5 VOLTS D.C.

1000 OHMS (5MA TO 1A RANGE)
500 OHMS (2 AMP RANGE)

200 OHMS (5 AMP RANGE)

QUTPUT RIPPLE 2% F.S.RMS MAX,

*THE 903 MAY B8E OBTAINED WITH A CURRENT LEVEL QUTPUT OF
O TO SmA WITH A COMPLIANCE YOLTAGE OF S YOLTS.

EXCITATION VOLTAGE +28 VOLTS D.C. £4 VOLTS D.C.

20 MA TO SO MA DRAIN

PERFORMANCE SPECS GRADE
B [+
MiL IND
ACCURACY =1 *2 % FS
TEMP. COEF =.04 +.10 °%F§/°C
TEMP. RANGE ~-55 +85 ~20 +70 *Cc
RESPONSE 50 50 MILLISEC
QVER CURRENT 1000 AMPS STEADY STATE MAX.

(NO DAMAGE)

50 AMPS PER MICRO SEC. MAX.
10 KV MAX. (INSULATED LINE)
50 VOLTS PER MICRO SEC. MAX.

ALLOWABLE di/dt
INPUT CABLE VOLTAGE
ALLOWABLE dv gt

WEIGHT 12 OZ. TYPICAL
HOW TO ORDER

wooeino. [sw] | 8 Lef L

TYPE

GRADE

CURRENT RANGE MILLIAMPS ~—————!
INDICATE “A“AFTER CURRENT RANGE IN AMPS,

TERMINATION TYPE
HEADER — BLANK (NO DESIGNATION)
CONNECTOR - C

Exampie above shows model number for grade B sensar, 100 mulliamps
range with solder type treminals.

The sensor is normally supplied with 8 § pin solder type header. If &
connector type terminsl s required (ndicate the letter ‘'C’’ at the end
of the model number. The connector 13 3 Bendix type PTO2E-10-6P or
equivaient. The mating receptacie PTO6A-10-65(SR) 18 not supphed
with the sensor but may be ordered as a separate item.

Figura 11-B,.
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OUTLINE DIMENSIONS

— CLEARARGE WOLE FOR w4 § SRt

— Yy aa M58 Teew et ln—-ﬂn‘«

TERMINAL IDENTIFICATION
A, ~28 Voits D.C. Excitation 0. Spare

B. Common (Excitation and E. Spare
Signal Return)

C. 0to 5 VDC Output Signat

SOLDER <EADER

CONNEC™CR

CHARACTERISTIC CURVE

DL Oulpul vyitage
voits

(=]

tnput Line Current FS

F. Case Ground

American Aerospace Controls, Inc.

ARG

870 SMITH STREET "ARAMINGDALE NEW v Rux
(318) 694-6100

Outline Drawing of Leakage Current Detector
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The load current transfers from the transistor power switch to
the electromagnetic relay contacta:

(1) due to the lower resistance of the current path
provided by the relay contacta and

(2) the transistor power switch is turned-off by the Baker
Clamp circuit that reduced the base current drive to
zero when it sensed the low voltage drop (e.g., 0.17
Vdc) across the electromagnetic relay contacts.

The turn-off sequence ia to:
(1Y open the relay contacts,

(22 which transfer load current from electromagnetic relay
to transistor power switch; and

(QCh] turn-off the transistor power switch.

The load current transfers from the electromagnetic relay
contacta to the transistor power switch:

(1) due to the higher path resistance of the relay contacts
when they just begin to open and

(29 the transistor power switch is turned-on by the Baker
Clamp circuit that senaed the higher voltage drop
(a.g., 0.7 Vdc) across the electromagnetic relay
contacts as they begin to open.

Figure 12 shows the block diagram of the control logic that was
used to obtain the:

1) turn-on and turn-off seguences described above:

22 Auxiliary Transistor Switch Turn-on Circuit (which has
been eliminated by the circuit simplification taak):

(3> Loss-aof-Saturation Circuit shutdown;

(4) 2 mAdc Leakage Current Failure Signal; and

(5) Welded Electromagnetic Relay Caontact Failure Signal.
a. Turn-0n Sequence.

(1> Input Level Detector. The Input Level Detector
monitors the input current control signal and outputs &8 turn-on
aignal if the average input current control asignal exceeds 8.1

mAdc.
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The input carcuit cantains an R-C filter that doces not respond to
the high frequency coding that may be on the input control
asigrel: it responds roughly to the average dc input. There ia
approximately a S mS delay time between tne input turn-on command
and the Level Detector output to turn-on.

The turn-on asignal from the Input Level Detector 15 fed via a
si1ngle opto-isolator to the Transistor Switch Time Delay block,
the Electromagnetic Relay (EMR) Time Delay block, and the
Auxiliary Transistor Switch Turn-0On Circuit (currently deleted).
The opto-igolator igolstea the input control aignal (and the
Failure Signal output circuitry) from the remaining ALC
circuitry.

(2> 1Inatial Transistor Power Switch Turn-On. The
turn-on signal propagates through the Transistor Switch Time
Delay (Turn-0ff), Tranaiastor Switch Level Detector, Loss of
Saturation Circuit, and Transiator Switch Driver Circuit blocks
with a minimum time delay (typically 98 microseconds) to turn-an

the Transiator Power Switch.

The Baker Clamp circuit 1n the Transistor Switch Driver Circuzt
block adjusts the base current drive to the Transistor Power
Switch such that the collector-emitter voltage will not be less
than approximately one-diode drop (0.7 Vdc) over a wide range of
load currents. Thias ensures that the Tranasiator Power Switch
will not operate in ‘‘deep saturation,”™ which aids uniform turn-
off switching.

(3> Electromagnetic Relay (EMR) Turpn:-On. The turn-on
signal propagates through the EMR Time Delay (Turn-0n), EMR Level
Detector, and EMR Driver blocksa with a emall time delay
(typically 290 microseconds!. This time delay allows time to
inhibit the EMR turn-on in the event that the Loas-of-Saturation
Circuit sensesa an over-current condition and the need to shut-
down the ALC when the Transistor Power Switch was initially

turned-on.

The coil of the EMR is enabled by the turn-on of the main
Transistor Power Switch; it is energized by the EMR turn-on
signal to transistor switches Q20 and Q22 in the EMR coil Driver.
Initially, the pull-in coil ias excited; then after 25 mS,
typically, the main contacts close and the normally closed
auxiliary contacte open and {nterrupt base drive current to
transistor aswitch Q20 in the EMR pull-in coil driver;:; which
permits transistor switch Q22 to excite the hold-in coil.

The Baker Clamp circuit in the Transistor Switch Driver Circuat
block then senses the low voltage drop (0.17 Vdc) acroass the EMR
contacts and reduces the base current drive to the Transistor
Power Switch to zero in an effort to maintain a minimum
collector-emitter voltage of one-diode drop (0.7 Vde).
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b. Turn-0ff Seguence.

(1) Input Level Detector. The Input Level Detector
monitors the input current control signal and outputa & turn-off
signal if the average input current control signal falle below

2.3 mAdc.

The input circuit contains an R-C filter that dces not respond to
the high frequency coding that may be on the input control
signal: 1t responds roughly to the average dc input. There is
approximately a 10 mS delay time between the input turn-off
command and the lLevel Detector output to turn-off.

The turn-off signal from the Input Level Detector 15 fed via a
single opto-igsolator to the Electromagnetic Relay (EMR) Time
Delay block, the Transistor Switch Time Delay block, and the
Auxiliary Transistor Switch Turn-0On Circuit (currently deleted).

(2) Eiectromagnetic Relay (EMR) Turn:Qff. The turn-
aoff signal propagates through the EMR Time Delay (Turn-Qn), EMR
Level Detector, and EMR Driver blocka with a minimum time delay

(typically 15 microseconds).

The hold-in coil of the EMR 18 de-energized by the turn-off of
transistor switch @22 i1in the EMR coil Draver. After 35 =S,
typically, the main contacts open.

(3> Transistor Power Switch Turn-On and Turn-0ff.
When the main contacts just hegin to copen, the Paker Clamp
circuit in the Transistor Switch Driver Circuit block senses
the higher voltage drop across the EMR contacts and i1ncresases :he
base current drive to the Trsnsistor Power Switch to the amount
required to maintain a minimum collector-emitter volitage of one-

diode drop (0.7 Vdc).

The turn-off signal propagates through the Transistor Switch Time
Delay (Turn-0ff), Transiastor Switch Level Detector, _osa of
Saturation Circuit, and Transistor Switch Driver Circuit blocks
with a maximum time delay (typically 58 aS) *o turn-off the
Transistor Power Switch.

Thus, the Transistor Power Switch will turn-on as the ENR
cantacts open and then turn-off 21 mS (typically) later.

c. Auxiliary Trapsistor Switch Turn-On Carcuit. The
initial design of the ALC used an auxiliary turn-on circuit to
provide base drive current into the Transistor Power Switch
before the EMR contacts opened to enasure that load current
properly tranaferred from the EMR contacts to the main Tranaistor
Power Switch when the contacts opened. The Auxiliary Transistor
Switch Turn-On Circuit used the turn-off signal to by-pass the
Baker Clamp circuit to provide maximum base drive current to the

Tranaistor Power Switch during the period of load current
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transfer. Laboratory tests have shoawn that this circuitry is not
requiraed for load currents of 600 Adc and below. Therefore, the
circuitry was removed.

d. Loss-of-Saturation Circuit Shutdown. The Baker Clamp
circuit provides the proper base drive current to the Transistor
Power Switch to limit the minimum collector-to-emitter voltage to
no less than one-diode drop (0.7 Vdc) over a wide range of load
currenta. The Transistor Power Switch is designed to carry a
certain maximum current. If this maximum current 18 exceeded,
the ALC circuitry ias designed to shut-down the Transistor Power
Switch to prevent self demage. That ia, if the load current
growa larger than the product of the Tranaiastor Power Switch
current gain (Beta) times the maximum available basse drive
current, the collector-to-emitter voltage will grow larger; which
will increase the power disasipation and can lead to destruction

of the Transistor Power Swaitch, 1f not shutdown guickly.

The Loss-of-Saturation (LOS) Circuit monitors the collector-to-
emitter voltage of the Transistor Power Switch. For example, 1f
the collector-to-emitter voltage exceaeds 10 Vdc for approximately
85 microseconds, the LOS circuit will shut-down the Transiator
Power Switch and the Electromagnetic Relay.

The LQOS shut-down of the Transistor Power Swaitch and
Electromagnet Relay can be reset by cycling Off and On the input
command signal.

©. 2 mAdc Leakage Current Failure Signal. If the leakage
current between terminals Al and A2 should incresse to between 2
mAdc and 4.25 Adc, the 2 mAdc Leakage Current Level Detector will
provide an output signal to turn-on the Failure Signal Switch as
shown in Figure 12, However, an 1nhibit signal from the Input lLevel
Detector block is present when ever the ALC 1s 1i1n the "turn-on"
mode. Thus, a Failure Signal Output can only be obtained when

the ALT 18 1in the "off" mode.

f. Welded Electromagnetic Relay Contact Failure Signal.
If the main EMR contact(s) should become welded closed, a Failure
Signal Output will be obtained when the ALC is given the "turn-
off" command. The operation of this circuit sssumes that the
auxiliary contacts are so coupled to the welded main contacts
that the auxiliary contacta can not change state when the EMR is
de-energized.

It is normal operation to see the Failure Light turn-on
momentarily upon energizing and switching ths ALC.
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6. | 2W VOLTAGE POWER SUPPLY WITH MULTIPLE OUTPUTS. Figure 13
shows the functionsal block diagram of the low voltage power
supply with multiple outputs. The low voltege power saupply
conalsts of the four following circuits: input awitchmode buck
regulator power circuit, tranaistor bridge inverter, logic
circuit, and multiple isoclated rectifijer-filter output circuitas.

a. Input Switchmode Buck Regulater Circuit. The input
switchmode buck regulator circuit ia compcsed of a dc input
filter and a awitchmode buck regulator power circuit. The
function of the input switchmode buck regulator circuit ia to
canvert the 270 Vdc (nominal) 1nput voltage to a regqulated

voltage of 150 Vdc.

(1> Dg Input Filter. The dc input filter 1s made up
of a small 25 microhenry inductor and a 54 microfarad (nominal)
bank of high temperature (125 degree C) aluminum electrolytic

capacitors. The function of the dc input filter ia two fold:

(a? The capacitor bank stores electric charge
from the 270 Vdc input when the awitching
device in the buck regulator i1s open and
supplies electric charge to the buck
regulator when the awitching device 1s
closed. Thua, the capacitor bank aees an
alternating current eventhough the voltage
across the capacitor bank i1s dc. The
capacitor bank tends to amooth the current
pulse demand from the awitchmode buck
regulator asuch that the input current ias a
continuous dc quantity.

The basic equation for the capacitar bank 1is:
1 = C x de/dt

where, 1 is the i1nstantanecus current (Adc)
into the capacitor bank:

C is the capacitance (Farads® of the
capacitor bank; and

de/dt 18 the time rate of change of the
capacitor voltage (volts/second).

Thus, as the capacitor bank stores electric
charge (i x dt), the capacitor voltage
increaseas proportionally (i x dt/C);
simjilarly, as the capacitor bank supplies
electric charge (-1 x dt) to the buck
regulator circuit, the capacitor voltage
decreasea proportionslly (-i x dt/C).
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(Note that the use of the symbol "i™ for
charging current and "-i" for discharging
current doea not mean that the magnitudes of
these currents sre equal. In general they
will not be aequal.) Thus, the capacitor bank
tenda to maintain & constant input voltage to
the switching device in the switchmode buck
regulator power circuit.

It is most important that the actual ac
current (or ripple current) through the
capacitor bank does not exceed the ripple
current rating of the capacitors that make up
the capacitor bank:

(worst case 15 one-half of the maximum output
load current from the switchmode buck
regqulator).

The i1nput current has an average value that
eguala the product of the ocutput load current
(from the buck regulator) and the duty cycle
of the aswitchmode buck regulator, where:

duty cycle = on-time/(on-time + off-time’.

(b) The ac current through the capsacitar bank
will develop a voltage across the Equivalent
Series Resistance (ESR) of the capacitor
bank. This ac voltage, which ia usasually
a few tenths of a volt, will be impressed an
tha 270 Vde input line.

The function of the 25 micrchenry dc¢ input
inductor is to insert a& high impedance (3
ochma at the awitching frequency of the
switchmode buck regulator) between the
capacitor bank (with ita ESR ac voltage
source) and the 270 Vdc input line. This
inductor prevents lesrge high frequency
currents from flowing in tha the 270 Vdc
input lines, which may cause Electromagnetic
Interference (EMI) to other services on the
dc input line.

(2) Switchmode Buck Requlator Power Circuit. The
awitchmode buck regulator power circuit consiats of & Solitron
SDT 13305 transistor ewitch, a Motorola MR1378 free-wheeling
diode, a 2.4 millihenry dc “C" core inductor, and a 108
microfarad (nominal) output filter capacitor bank.

The switchmode buck regulator power circuit converts the 270 Vdc
(nominal) input voltage into a regulated output voltage of 150
vVdc. The reguletor 1a capable of maintaining the 150 Vdc over an
input voltage range of from 1795 to 350 Vdc.
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Wwhen the transistor switch is turned-on, the input current flows
from the +*270 Vdc input line through the output load (which ia
shunted by the 108 microfarad output filter capacitor bank),
through the 2.4 millihenry inductor, and through the NPN
transistor switch (collector to aemitter) to the 270 Vdc return.

(Note@: The output load is the transistor bridge inverter.)

The input current to the bulk regulator increases as follows:

da/’/dt = a@/L = (V -V y/L
in cut

where: di/dt 1s the time rate of change of the input current
or the current through the 2.4 millihenry
inductor;

@ 15 the voltage across the 2.4 millihenry
inductor;

L 1s the inductance of the 2.4 millihenry
inductor:

v is the 270 Vdc input voltage:; and
in

v 18 the 150 Vdc output voltage.
out

The current through the inductor will continue to increase until
the tranasistor switch ia turned-off.

When the transistor switch 1s turned-off, the current through the
inductor will continue to flow in the same direction. The
current path is through the inductor, through the free-wheeling
diode, through the output load, and back to the inductor. (The
cathode of the free wheeling diode ia connected the +270 Vdc
input line, and the anode is connected to the collector of the
NPN transiator awitch.)

The energy stored in the inductor when the transistor switch was
turned-on, 18 now being uased to maintain current through the load
while the transistor aswitch ia turned-off. The energy atored
during the tranaistor on-time is:

2
W = (1/2Y L x (1 )
peak
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where: W 185 energy stored in the 2.4 millihenry inductor

in joules;
L is the inductance of the 2.4 millihenry inductor:
and

i 1s peak current (Adc) through the i1nductor.
peak

The inductor current decreases as follows:

di/dt = e/L = (-V -V YL
d out

where: di/dt 1s the time rate of change of the inductor
current or the load current:

e i1s the voltage across the 2.4 millihenry
inductor:

L 18 the 1nductance of the 2.4 mil henry
inductor;

V 1s the voltage across the free-wheeling dicde:

and

v is the 1350 Vdc output voltage.
out

The current through the inductor will continue to decresse untal
the transistor switch is again turned-on.

With the assumption that the voltage across the free-wheeling
diode (1 Vdc¢) can be neglected, it can be shown from the above
that the output voltage isa:

v = V x T /(T « T ),
out in on an off

which shows that the cutput voltage is proportional to the duty
cycle of the transistor switch.

h. Transistor Bridge Inverter. The transistor bridge
inverter consiats of two tranaformera, four Solitron SDT 13305
transistora, eleven resistors, four capacitors, twenty diodes,
and a bi-directional switch. The function of the transistor
bridge inverter is to convert the regulated 150 Vdc from the
switchmode buck requlator power circuit into an alternating

sgquarewave voltage. Thua, with alternating voltage avajilable,
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the various voltage transformations required can be obtained
by using transformer techniques.

(1> Single “Totem Pole” Transistor Switch Circuit. A
aingle "totem pole" transistor awitch ias two NPN transiatorsa
connected in series across the dc rail voltage (thn regulated 150
vde) . The collector of the upper tranaiastor switcih is connected
to the positive dc rail and the emitter ia connected to the
collector of the lower transistor switch. This junction is
called the mid-point of the '"totem pole"” and is connected to one
end of the output load (two transformer primaries connected in
parallel)., The emitter of the lower transistor is connected to
the negative dc rail. A faat recovery diode ia also connected
across each transistor switch (cathode to collector and anode to
emitter) to provide an alternate current path when a transistor
awitch ia turned-off.

The upper and lower transistor switches are alternately turned-on
and off such that the midpoint ¢f the "totem pole” ia switched to
the poaitive or negative dc rail voltage. Each tranaistor

switch is turned-on slightly leasa than SOx of the period of

the switching freguency (20 kHz). However, both transistor
awitches are never turned-on at the same inatant of time, since
this would cause a short-circuit between the positive and
negative dc rail voltage.

(2> Bridge Inverter Circuit. The bridge inverter
circuit consists of two '"totem pole” transistor switch
configurationa with the output load connected between the m:d-
pointas of the two ''totem pole'" transistor switch configurationa.
The turn-on sequence for the transistor switches i1n the first
“"totem pole'" transistor switch configuration 1s exactly opposite
to the turn-on sequence for the second '"totem pole'" transistor
awitch configuration. For example, the upper transistor switch
in the firat "totem pole"™ and the lower transigtor switch in the
second '‘totem pole’ are turned-on, while the remaining transistor
switchea are turned-off. Thua, current from the positive dc rail
can flow through the upper tranaiastor awitch (in the firat "ftotem
pole"), through the ocutput load, through the lower tranaiator
switch (in the second "totem pole') to the negative side of the
dc rail.

After the upper transistor switch 1n the first '"totem pole” and
the lower tranasistor switch in the second “totem pcle" are
turned-off; the lower transistor awitch in the first 'totem pole”
and the upper transistor switch in the second "totem pole" are
turned-on. Thua, current from the poaitive dc rail can flow
through the upper transistor aswitch (in the second "totem pole"™),
through the output load (but in the opposite direction from the
former case), through the lower transistor switch ‘in the first
“totem pole’”) to the negative side of the dc rail.

This switching segquence applies an alternating squarewave voltage

to the output load that 1s equal to the dc rail voltage (minua the
voltage dropa acrose the transiastor switchea (1 to 3 v).
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For an inductive load, the load current can not instantanecusly
reverse direction when the tranaiatora change atate. When the
transistora turn-off, the fast recovery diodeas acroaa each of the
tranaiator awitches provideas a current path for the load current
to flow back through the dc rail voltage scurce. Thias actually
returna energy that waa atored in the load inductance back to the
dc rail voltage source to be reused. These fast recavery diodes
are called "“free-wheeling,*' or ‘catch"” diodes.

The ocutput load is the primary windings of two transfomers
(denoted T1 and T3) connected in parallel. Thua, the ocutput load
haa an inductive component.

(3) Saturable Core Transistor Base Drive
Tranaformer. The awitching frequency of thia inverter is
determined by the lenght of time i1t takes to saturate the core of
a small transformer, denoted T2. This transformer has four
isclated windinga; each winding provides base current drive to
one of the four transistor aswitches. It is polarized auch that
it provides poaitive base current drive to only two transistor
ewitches at a time (e.g., the upper transistor switch in the
firat "totem pole” and the lower tranaiastor awitch in the asecond

“"totem pole'™).

It will be shown later that the current drawn from the two
windingas aupplying positive baase current drive will be
egsaentially conatant, until the transistor awitches are turned-
off. Similarly, the primary current of Tranaformer T2 will be
esgentially conatant, until the tranaistor awitcheas are turned-
off.

Most transformers are designed not to saturate in the operation
intended; they are designed to support an alternating voltage
with a magnitude V and a half-period T. In general, a
transformer will not saturate if the V x T (valt-second) product
ia not exceeded. The design of Tranaformer T2 ia asuch that it
does saturate after a certain valt-second product has elapsed.

The primary of Transformer T2 is connected through a series
dropping resistor to a 30 Vac secondary winding of the Output
Tranaformer Tl. Since the primary current of Tranaformer T2 ia
essentially constant, the resultant voltage drop acroas the
primary of Tranaformer T2 ias essentially contant. The deasign of
Transformer T2 ia such that the time aelapsed to aaturate the core
is approximately cne-half the period of a 20 kHz aquarewave,

Wwhen the core of Transformer T2 saturates:

(1) the transistor switches (that were turned-on! turn-off
aince they no longer receive pcoaitive base drive
current;

29 the primary impedance ceases to reflect the secondary

impaedance, and essentially falla to the very low dc
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resistance of the primary winding. The series dropping
resaistor now limita the current drawn from the 30 Vac
winding to a reasonable value.

When the transistor switches (that were turned-on) turn-off, the
partially inductive load current will continue to flow via the
free-whealing diodea back to the dc rail voltasge socurce. In ao
doing, the voltage impressed on the primary of QOutput Transformer
Tl will be reversed. Subsequently, thia reverse voltage will be
impressed on the primary of Tranaformer T2 and bring it ocut of
aaturation. The reverae voltage will also turn-on the other aset of
transistor switches which will reinforce the existing base
current drive. This state will continue until Transformer T2
again saturates (but in the opposite direction) a half-period
later.

The load on this inverter varies considerably. Most of the time,
the load is small, but when the ALC is turning-on or turning-off,
the load can be 400 W for 100 millisecondsas. For faset and
efficient awitching, the transiator awitchea ahould not be
operated into deep asaturation;:; they need high baase drive current
for high power ocutput and low base drive current for low power
output. The Baker Clamp Circuit performa this service. It will
not permit the collector-emitter voltage of the transgistor
awitchea to be less than two diode drope (1.4 V). The only draw
back is that Transformer T2 muat provide the maximum base drive
current continuously. The Baker Clamp provides the proper base
drive current and deverts the remaining available current to the
collector-emitter path.

When the 270 Vdc 1is initially applied to the i1nput of the
switchmode buck regulator, the regulator output voltage increases
1in a cosinusoidal like fashion from zero to 150 Vdc. The
regulator then maintains the 150 Vdc output.

The inverter does not start to oscillate until the regulator
output voltage is 32 Vdc. A bi-directional switch is used to
breakover at 32 Vdc and discharge a 0.1 microfarad capacitor into
the base winding of the lower transistor awitch in the first

“totem pole.” By transformer action, this capacitor discharge
will also turn-on the upper transistor switch in the second
‘“totem pole,” which will start the inverter to ocacillate. (The

capacitor discharge alaoc provides reverse bias to the two
remaining tranaistors.)

The inverter oscillates with a half-period that does not allow
the voltage acrosa the 0.1 microfarad capacitor to reach 32 Vdec,
which effectively removes thia starting circuit from futher
inverter operation.
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c. Logic Circuit. The logic circuit for the low valtage

power supply provides the following functions:

(1> base drive switching signals for the transistor switch
in the awitchmode buck regulator:

(2> low voltage for the power supply logic circuitry during
start-up and aubsequent operation; and

(3) self protection for the power supply.

These functions, and how they are implemented, are discussed in
broad detail in the following paragraphes.

(1> Base Drive Switching Signals. The base drive

switching signal to the transistor switch in the switchmode buck
regulator has the following requirementsa:

(al a pulse width madulated (PWM) waveform that
properly regulates the dc output of the
awitchmode buck regulator and

(b a specified minimum current capacity.

The pulse width mcodulated waveform i1s generated by a Silicon
General (SG 1524) integrated circuit (IC)>. The IC is associated
with approximately twelve resistors and aix capacitors. Thesae
components provide the following functions:

(12 set switching freguency,

(11) set dead time,

(111> feedback voltage proportional to the
ocutput of the buck regulator,

(iv) lead network for feedback stablization,
{v) reference voltage,
(vi) buck regulator output current

monitoring and limiting, and
(vii) autput shutdown or inhibit.

The pulse width modulated output from the IC is amplified by a
muitiatage current amplifier (made up from two awitching
tranasistora) and then fed into the base of the awitching
tranaiator of the buck regulator. A third switching tranaiator
ia used to apeed-up the aweep-out of the majority current
carriers from the base region to improve the tranaistor awitching
apeed.

34




ADVANCED LINE CONTACTOR FINAL REPORT 5814498

(2) Low Voltage for Logac Circuitry.

(a) Steady-State Operation. For steady-state
aperation, low voltage for the power supply logic circuitry 1is
provided by a rectifier/filter circuit connected to a winding

from the inverter output tranasformer.

This supply voltage is proportional to the dc cutput from the
aswitchmode buck regulator (and any aubsequent voltage drop(s) in
the inverter stage) and is used as feedback voltage to the IC
pulse width modulated regulator.

(b)Y Start-Up Operation. When the 270 Vdc 1input
voltage is 1initially applied to the low voltage power supply, a
12 Vdc zener diode, two power resgistora, and an emitter follower

transistor stage form an interim 11 Vdc supply for:

(1) the driver of the transistor switch in the switchmade
buck regulator circuit:

(2) the IC pulse width modulated regulator; and

(3 a voltage level detector circuit that senses when the
dc input voltage ia abaove 160 Vdc.

The IC pulse width modulated requlator is supplied a shutdown
signal while the dc input voltage ia below 160 Vdc. (Thia ia to
ensure proper operation of the Electromagnetic Relay with a pick-
up voltage of !350 Vdc.)

Wwhen the dc i1nput voltage 1s inaitially applied (above 160 Vdco),
the switchmode buck regulator and inverter are not in operation:
and thua, there is no feedback voltage preaent. In this
condition, the IC pulse width modulated regulator turns on the
driver circuit to turn on the transistor switch in the switchmode
buck regulator circuit. The regulator output voltage increases
in a cosinuaoidal fashion. When the regulator output voltage
reaches 32 Vde, the inverter stage gtarts to oscillate and
produce output voltage. This produces an increasing feedback
voltage to the IC pulse width modulated regulator circuit. When
the feedback voltage reaches the set point, the IC regulator will
cut down the duty cycle of the pulase width modulation and
maintain a stable output voltage from the inverter stage.

The steady-state low voltage supply now back-biases the interim
11 Vdc supply, and effectively removes the components of the 11
Vdc supply from operation. The interim supply is designed for
only a short period of operation during the start-up sequence (1
or 2 saeconds, maximum). If the unit does not start-up properly,
the interim saupply can be damaged (unleass the dc input voltage is
gquickly removed).

35




ADVANCED LINE CONTACTOR FINAL REPORT s814498

(3) Self Protection. The low voltage power supply has

two self protection circuits for the buck regulator output:
current limiting and ahutdown due to low dc input voltage.

(a) Current Limiting Circuit. The peak current
of the buck regulator is monitored by sensing the valtage acrass
a small reaiatance in the emitter of the awitching tranasiator.
Thia voltage ia electronically coupled to a filter circuit and
then to the current limiting port of the IC regulator. The
filter circuit i1ia a capacitor with a practically inatantanecus
charge time constant and a fairly long diacaharge time conatant

(150 microseconds).

If the peak current rises above the set point, the IC regqulator
will quickly reduce the buck regulator output voltage by
decreaaing the duty cycle of the pulase width modulator output.

If the peak current falla below the aset point, the voltage atored
on the capacitor in the filter circuit will continue to maintain
a reduced output valtage for approximately 5S00 microseconds
(three-time constants). If the peak current continues to
increase above the set point, the output will be completely cut-
off.

(b)Y Low Dc Input Voltage Shutdown. The low
voitage power supply is shutdown when the dc input voltage is
below 160 Vdc. Thia is to ensure proper pick-up voltage for the
Electromagnetic Relay (150 Vdc). If the relay is energized below
thias voltage, it may not be able to transfer from it momentary
pull-in coil (2 Adc, maximum) to the steady-state operating coal
(55 mAdec, maximum). Thus, the pull-in coil would be damaged

after about 30 aseconds or leszsa.

Howevear, if the input voltage shaould drop below 160 Vdc during

an "on'" period of operation, the low voltage power supply would
shutdown and would cause the following sericus praoblem: the mazin
tranaistor awitch would open before the Electromagnetic Relay and
.force the Relay to open the locad current. The dc input voltage
level detector circuit can be redeasigned auch that the drop-out
voltage ia below 32 Vdc.

d. Multiple Dgc Qutput VYoltsges. The low voltage power
supply haa four groupas of isolasted voltages dedicated to ALC
operation. Three of the iasclated groups have aecondary windings
on Inverter Cutput Transformer T1l, and the forth group has
secondary windinga on Inverter Output Tranaformer T2 (the
primariea of Tl and T2 are connected in psarsllel). Each group

haa full-wave diode rectification and & capacitor input filter.

(1Y First Group. The first group of isolated voltages

isa for the customer interfsce and consista of the following
valtages: +28 Vdc, +15 Vdc, -15 Vdc and Common #1.




ADVANCED LINE CONTACTOR FINAL REPORT 5814438

(2) Second Group. The second group of isclated
voltages is for the ALC logic with the potential reference of the
input 270 Vdec return. The group provides the following voltages:

+15, -1% Vdc and Common #2.

(3 Third Group. The third group of isclated voltages

is for the ALC logic with the potential reference of the ocutput
load (+270 Vde¢). The group providea +10 Vdc and Common #3.

(4> Forth Group. The forth group of isolated voltages
heas the samae potential reference asa the third group and is
dedicated ta the base current driver that turns-on and off the
main tranaiator power switch. The group auppliea +7 Vde, -7 Vdc
and Common #3. For load currenta of 400 to 600 Adc the group
auat be able to supply from 60 to 80 A at +35 Vdc during the

switching period.
CAUTION:

270 VDC CAN EXIST BETWEEN GRQUP 2 COMMON
AND GRQOQUPS 3 AND 4 COMMON.

DO NQT CONNECT DIFFERENT COMMONS TQGETHER
WITH TEST EQUIPMENT, E.G.

GRQUPS 3 AND 4 CQMMQON CAN BE AT +270 VvDC PQTENTIAL.
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IV. CIRCUIT SIMPLIFICATIONS
1. QRIGINAL SCHEMATIC DIAGRAN.

The original schematic diagram for the ALC is shown in Figures
14-A through 14-D.

2. PRESENT SCHEMATIC DIAGRANM.

The present schematic diagram for the ALC 18 shown in Figures 15-
A through 15-D.

3. CIRCUIT REFINEMENTS.

a. Auxiliary Transistor Switch Turp-On Caircuit. The
itnitial deesign of the ALC uaed an auxiliary turn-on circuit to
provide base drive current into the Tranaistor Power Switch
before the electromagnetic relay (EMR) contacta opened to ensaure
that load current properly tranaferred from the EMR contacta to
the main Transiator Power Switch when the contacta opened. The
Auxiliary Tranasistor Switch Turn-0On Circuit uased the turn-off
aignal to by-pasa the Baker Claamp circuit to provide maximum basase
drive current to the Tranaistor Power Switch during the period of
load current tranafer. Laboratory teata have shown that thisa
circuitry 1s nat required far load currents of 600 Adc and hbelow.
Therefore thia circuitry waa removed.

b. Double-Ended EMR Coil Driver Cirguit. The hasic

aoperaticon of the electromagnetic relay (EMR) has heen previously
diacuased (IXI. INTERNAL FUNCTIONS OF SUBSYSTENS, 2.b.).

The 135 ohm pull-in cail (coil #1) of the electromagnetic relay
(EMR) 1a connected between terminala X1 and D; the 6200 ohnm
econimizer coil (coil #2) 1ia connected between terminala D and
X2. The initial design of the ALC used three 2 Adc transistor
power switchea and three free wheeling diodea to turn-on and off
the EMR. Transiator awitch Q19 wse connected between ALC
terminal A2 (load) and EMR terminal Xl1. Thuas, the turn-on of
transistor switch Q19 applies +270 Vdc to the EMR terminal X1
(asauming that the ALC main transistor switch ia turned-on).
Tranaiator awitch Q20 conected EMR terminsal D to the 270 Vdc
return and controlled the on-time of the pull-in coil.
Tranaistor awitch Q22 connected EMR terminal X2 to the 270 Vdc
return and controlled the on-time of the econimizer coil. The
firat free wheeling dioda was connected between EMR terminala X1
and D (cathode to X1, ancde to D, respectivaly): the second free
wheeling diode was connectad from ALC terminal Al (+270 Vdc) to
EMR terminal X2 (cathode to Al, anode to X2, reapectively); and
the third free wheeling diode was connected from EMR terminal X1
to the 270 Vdc return (cathode to X1, anode to return,
respectively).
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ADVANCED LINE CONTACTOR FINAL REPORT 5814458

The EMR was energized by turning-on all three transistor
sawitchea, Q19, Q20, and Q22. When the main contacts pulled-in,
the EMR aeconimizer switch would turn-off transaiator Q20 which
would: (1) force the first free wheeling diocde to conduct current
around the pull-in coil until ita value decayed from 2 Adc to SO
mAdc and (2) allow the econimizer coil to be energized.

The EMR was turned-off by turning-off both transistor switches
Q19 and Q22, and forceas the second and third free wheeling diodea
to free wheael the econimizer coil current through the 270 Vdc
saource. The econimizer coil current repidly decaya and allowsa
the EMR main contacts to open.

In an effort to reduce the parte count, the present design
eliminated the transistor awitch Q19 (in line with EMR terminal
X1);:; the aamaciated driver, opto-iaolator, and isolated low
voltage supply; and the aecond and third free wheeling diodes.
In return, the present design added a direct connection between
EMR terminal X1 and ALC terminal A2 and a free wheeling diode
between EMR terminala X2 and X1 (cathode to X2, anode to X1,
respectively).

This change caused the EMR relesse time to increase, but
laboratory teats with the firat Hartman EMR prototype showed that
operation with the increased releasse time waa acceptable.

However, recent tests on three Hartman EMR prototypes have shown
that they had s wide range of release times and asuggeated that
the original turn-off acheme might be more beneficial. To reduce
the release timea, a 10,000 chma reaistor was inserted in aseries
with the free wheeling diode connected between EMR terminala X2
and X1; and a 0.033 microfarad capacitor waa connected from ENMR
terminal X2 tao the 270 Vdc return (to absarb the voltage spike
acrosa the collector-emitter of tranaiator awitch Q22).

MQOQRE RECENT TESTS HAVE SHOQWN THAT THE QPERATION QF THE EMRs IS
MORE DEPENDENT UPON A NUMBER OF EXTREMELY CRITICAL MECHANICAL
ADJUSTMENTS (WHICH MAY VARY WITH EMR USE)> THAN IT IS ON THE DECAY
OF CURRENT IN THE ECONINMIZER COIL.

c. Transistor Switch Sweep-Out Circuit. The initisl design
of the ALC used a base current sweep-out circuit with the same
current capacity aa the present base current driver (80 Adc) to
obtain fast turn-off of the main transistor awitch. In the ALC
application, fant turn-off of the main tranaiator awitch ia not
required, nor cesired, since faat turn-offas produce high voltage
spikas on the dc input voltage. Laboratory tests showed that
satistc~tory switching of 400 Adc and 600 Adc were obtained with
the preaent design, which eliminated the use of five TO-3 power

transistora and the need for a high current -7 Vdc asupply.

d. Reduction Of -7 Vdec Current Capacity. See the

discussion eabovae.
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@. Deletion QOf Various Speed-Up And Baker Clamp Diodes.
Much of the electronic experience of AN3 18 with fast switching,
high frequency, power switching transiator applicstions. The
initial design of the ALC was donu over a very short period of
time and much of the AMS atanderd circuitas went into the initial
deasign. In the packaging phaase, it was necesasary to review the
entire design and reduce the parts count where ever poasibla. In
a number of places speed-up dicdes and Baker Clampa were not
actually required for ALC application and werae, therefore,
eliminated.

V. BA3IC LINMITATION3
1. SAFETY NQOTE.

The leakage current detector monitors the dc load current from
the ALC output without any direct electrical connection. This ia
a proprietary item and ia purchesed from American Aerosapace
Controls, Inc. It is deesigned to sense current over the range of
0.2 to S mAdc with an accuracy of +/- 4% over a tamperature range
of +/- 75 degreea C. It has a linear output of 1 Vdc/mAdc to 8
mAdc. The maxisum output voltage ia 10 Vdc and ia obtained from
10 mAdc to 4.25 Adc. Above 4.25 Adc the sensor output drops to
zZero.

THUS, IF THE TRANSISTOR SWITCH SHOULD FAIL TO TURN-OFF (OR IF ANY
TYPE OF A SHORT-CIRCUIT EXISTS BETWEEN TERMINALS Al AND A2) THE
FAILURE ALARM LIGHT WILL NOT SHOW THIS DANGEROUS CONDITION,
UNLESS THE LOAD CURRENT IS BELOW 4.25 ADC.

If the main relay contacts weld close, the failure alaram light
will function properly only 1f the auxiliary contacta follow the
main contacta and do not change atate.

2. INTRQDUCTIOQON.

This section and the following section (BASIC FAILURE MODES»
allowed the designera of the ALC to review the ALC aystem and
component dasign concepts that were conceived by AMS in May of
1983. At that time, there was little laboratory data to confirm
one design concept ovar another. Funding limitations required a
very ahort deaign period, yat the deaign had to be "bullet-
proof,” atraight forward, and consiatant with AMS technology
(high powaer, faat awitching transistor applicationa). The review
was based on the experience gained by fabricating and teating a
breadboard and two prototype Advanced Line Contactora (ALCa).
Puring the review, the following astatement was frequently voiced:
“In the next design, we ahould do it this other way, rather than
that way, because . . ."

3. BASIC LIMITATIONS:

a. Function. The function of the Advanced Line Contactor

(ALCY) is to turn-on and turn-off currents of 400 Adc and below in
a dc circuit. Thise function ahould not be confused with the
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protective function of a circuit breaker to cpen large averload
currents. The ALC is simply a awitch with a finite time (75
mnilliseconda, maximum) to turn-on or turn-off a load current of
400 Adc (maximum). In an overload condition, the ALC is capable
of turning-on and off 600 Adc three times in a two (2) minute
period; it is not designed to open load currenta asbove 600 Adc.

b. Inputs/Qutput Suppressor Limitations. In any direct
current switching application the stored energy, associated with
the dc input circuit inductance and the output load circuit
inductance playa a major role in the success or failure of the
switching device. In the ALC deaign, input and output
suppressorsa have been incorporated to control the release of

thia energy.

The i1nput and cutput suppressors have limited dissipation
abilitiea; but in the case of the input suppreassor the allowable
diaaipation ia not well defined. Thua, 1if the input/ocutput
circuit inductance ias increessed sufficiently, either suppreasor
can be made to fail. Although the circuit parameters of the
input/ocutput circuit inductances have not been contractually
defined, a paper design eatimate indicated that the ALC ahould be
able to function satisfactory with 1.5 mH, maximum, in the dc
input circuit, and 1.2 aH, maximum, in the output load circuit.
This eatimate has not been confirmed in laboratory teating.

c. Loss-of-Saturation Circuit Opeiation.

1) If the ALC turns-on into a shorted or too heavy of
a laad, the Loss-0f-Saturation (LOS) circuitry

will:

(a) turn-off the transistor switch i1in less than
100 microsecanda and

(b) prevent the relay from closing into the fault

current.

The result is that there will be no damage to the
unit.

(2) HOWEVER, IF THE ALC (IN THE °'ON" CONDITION) IS
ASKED TO SWITCH-OFF A LOAD CURRENT ABOVE 600 ADC,
THE LOS (IF ACTIVATED) WILL TURN-OFF THE PQOWER
TRANSISTOR SWITCH IN LESS THAN 100 MICROSECONDS,
WHICH WILL DE-ENERGIZE THE RFLAY. 1IN THE ATTEMPT
TO OPEN THIS EXCESSIVE CURRENT, THE RELAY WILL
BE DAMAGED.

The elimination of the LOS circuit might allow the
unit to aurvive over current excursions at the
expensae of aome transjstor failures.

d. Transistor Power Switch Limitation. If the relay main

cantacts fail to close, the transistor power switch will be
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forced to carry the load current continuously. Since there 18 no
transistor heat sinking for continuoua operation, the tranaistor
junction temperature will continue to rise until it reachesa 200
degrees C, where the ailicon will maelt and cause the tranaiators
to fail (ahort-circuit). The shortaed trangistor switch will
continue to carry load current, but will be unable to turn-off
the load. Therefore, future designs should include fail safe
contaect closure.

e. Electromagnetic Relay Limitations. Tests have shown
that the operstion of the EMR is dependent upon a nusber of
extremely critical mechanical adjuatmenta (which ray vary with
EMR use). If the energizer switch ia adjuasted toc open too aocon,
the main contacta may not seat properly, or may cause the EMR to
chatter. If the energizer awitch ia adjuated to open too lsate,
the pull-in coil may be continuocualy excited and will burn-up.
Similarly, i1f the EMR “throw' adjuastment ia too ashort the main
contacta will not aeat properly; if tco long, the soleroid may
not aeat properly and the force generated by the aolenoid may not

be enough to properly seat the contacts.

Future designs will use a energizer switch (with a non-critical
adjustment) and time delay circuite to electronically transfer
from the energizer coil to the econimizer coil.

f. Low Voltage Power Supply Shutdown Circuit. The present
design has a pratection circuit that will shutdown the low
voltage power aupply if the dc input voltage falls below 160 Vdc.
The original purpose waa to protect the EMR from attempting to
turn-on, if the dc input voltage waas below the EMR pick-up

voltage of 150 Vvdec.

If the ALC has been turned-on and then the dc input voltage falls
below 160 Vdc, all low voltage will be shutdown until the dc
input agein risea above approximately 170 Vdc. Wwhen the low
voltage ia shutdown, the main trangistor awitch will not
function, the EMR coil driver transiator will turn-off, and the
EMR will be left to open the load current.

In future designs, a feature should be implementaed such that

the start-up voltage is 160 Vde¢, or greater, and the drop-out
voltage ie below 32 Vdc.
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VI. BASIC FAILURE MODES

1. INTRODUCTION. This section details basic failure modes for
the major ALC aubayatenma.

2. ALC SUBSYSTEMNMS. The ALC can be divided intoc the six
following asaubsysatems:

1 Main Transistor Power Switch,

(2) Electromagnetic Relay (EMR),

(3) Transistor Switch Driver and Logic,
4) EMR Driver and Logac,

(S) Cuatomer Interface Logic, and

6) Low Voltage Power Supply.

3. FAILURE SYMPTQHNS. The ALC has only two meaningful normal
states:

a. energized and not carrying losd current (ofi) and
b. energized and carrying load current <(on).

(The third state, 1.e., not energized and not carrying load
current, ias superfluocus.)

The ALC can have the following failure symptoms (as well as
othera not liated):

3. wlll not turn-on:
b. will not turn-off;

c. will not turn-on with proper transistor switch/ENR
timing seguence:

d. w1ll not turn-off with proper transistor switch/EMR
timing sequence;

@. will turn-on, but voltage across ALC terminals Al-A2 1s
too high:

(1> EMR contact voltage,
(2 transistor switch saturation voltage:;

f. will turn-on, but voltage across ALC terminals Al-A2 1s
erratic:

(1) EMR contact voltage,
(2) transistor switch saturation valtage;
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g. will turn-on, but timing of voltages across ALC

terminals Al-A2 1a erratic:

(1) EMR contact voltage,

(2) tranasistor switch saturation voltage:;

h. the dc i1nput current exceeds 150 mAdc (at 270 Vdc) with

the ALC turned-off; and

1. excessive heat from the ALC enclosure (50 degrees C, hot

to the touch).

The likelyhood of each ALC subsystem causing a particular failure

syamptom 18 evaluated in TABLE Il as followsa:
NA Not Applicasble
X Prabable Subsystem Failure
G Possible Subsystem Failure

If one loocks deeply enough, each subsystem could
practically all of the failure symptoms listed.

cause
This table only

gives the primary (probable) and asecondary (posaible) subgaysatem
fajlures that could give the particular failure asymptom 1in
guestion. Thus, "Not Applicabkle”™ (NA) may not rule out a

subsystem from being a problem area.
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TABLE II.

FAILURE SYMPTONMS

MAIN TRAN3SISTOR
POWER SWITCH

FAILURE SYMPTOMS VS.

PROBABLE/PQOSSIBLE SUBSYSTEN

DRIVER AND LOGIC

EMR DRIVER
AND LOGIC

INTERFACE LQGIC

CUSTOMER

LOW VOLTAGE

POWER SUPPLY

581443958

a., will not
turn-on

b. will not
turn-ofs

c. will not
turn-on with
proper
transistor
switch/EMR
timing
segquence

d. will not
turn-off with
proper
transiastor
switch/EMR
timing sequence

@, will turn-on,
but voltage
acrosa ALC
terminals

Al-A2 is

tco high:

1) EMR
contact
voltage

2)
transiastor
sawitch
saturation
voltage

FAILURES

e o

O
Q =
(o] ~
B 2
w n
2 ~
&30 4 x
< E [w)
E W b=
aQ ~ 2}
¢4 -
b= D= (2]
0 < zZ
u 2 <
W 54
o @ -
a X
X X
X Q
X a
X Q
(0] X
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TABLE II.

FAILURE SYMPTOMS

FAILURE SYMPTOMS VS.
FAILURES (CONTINUED)

PROBABLE/PQSSIBLE SUBSYSTEN

SWITCH

DRIVER AND LOGIC

TRANSISTOR

EMR DRIVER
AND LOGIC

INTERFACE LOGIC

CUSTOMER

LOW VOLTAGE

POWER SUPPLY

S814498

f. will turn-on,
but voltage
acrossa ALC
terminals

Al-A2 is
arratic

(1) EMR
contact
vaoltage

(2)
tranaistor
switch
saturation
voltage

g. will turn-on,.
but timing of
voltagea

acrosa ALC
terminsls

Al-A2 is
erratic

(1) EMR
cantact
voltage

2)
transistor
awitch
saturation
voltage

x 3
Q -
[t =
n= 1
~ Q) Z A~
e o @
2 - < X
<3 £
0 G~
= x
x >
Z W C <
~ 3 W
< O S W
xr Q, [Sh s 4
Q X
X a
a X
X Q
S4

Q

a

Q

a

NA

NA

NA
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TABLE II. FAILURE SYMPTOMS VS. PROBABLE/PQSSIBLE SUBSYSTEN
FAILURES (CONTINUED>

-
0 [GIRS]
n @x ] b= - (O]
o a - - QO -
= = ~ 320 I
[2} . 3 (g QS| @] >
n - O Z A~ - w J
D 0 [Ge s 4 x Q e 4 Q Q
147] 2 < x oz w o w < Q
<3 W - < > x O =2
€3] @ n Q - n ] W < - N
14 = *4 — @ Q E L. Q
jus ] 24 = D N w a (e 4 > &
-1 2w [ORE z D> &~ [£1]
4 -3 w < @x Q N b= 33
< < O - w x o E Z o2 20
L n Q. woa = Qa uw < (SR -1 Q.
h. the dc input
current exceeds
150 mAdc (at
270 Vdc) with
the ALC turned-off NA NA Q O 0 X
i. excessive heat
from the ALC
enclosure (50
degrees C, hot
to the touch? X X X X NA X
KEY TO SYMBOLS:
NA NOT APPLICABLE
X PROBABLE SUBSYSTEM FAILURE
0] POSSIRLE SUBSYSTEM FAILURE
5SS
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VII. LABQORATORY TEST RESULTS
1. SUMMARY OF TEST SET-UP AND PRQCEDURE

a. List of Test Eguipment. A list of test equipment is
ahown in Tabla III.

TABLE III

#1. Dc Power Supply #1: Rapid Electric Co. Inc., O ta 400 Vdc @
800 Adc (maximum), Shop Order B7221, S/N 1282427

2. Dc Power Supply #2: Kepco Inc., 0 to 40 Vde @ 2300 mAdc
(maximum), Model ABC 30-3M

»3, Circuit Breaker CB1: General Electric Co., POWER BREAK, €00
A @ 250 Vdc, TPY2606, S/N 157200

aq, Current Shunt SH1: S00 Adec @ SO mVdc, PROS00-2

#5. Load: Simplex Inc., 180 kW (maximum) in 1 kW steps @ 270
Vde, Dwg 47D31349, S/N 9375

86, Dc millivaoltmeter, milliammeter, and voltmeter: Fluke, 8020A
Rultimeter(a)

#7, Command Contral Box:
Toggle Switch (2PST)
100 ohm 10T Potentiometer
Milliammeter: Simpaon, O to 25 mAdc
28 Vdc Light

#8. Oscilloscope: Hewlett-Packard Storage Scope (10 MHz), Madel
1741A

#9. Scope Camera: Hewlett-Packard, Model 197B
#10. Isolator: Tektronix Inc., Maodel AG&302A
#11. Isolation Transformer: Stancor

#12. Miscellaneocua

b. T
in Figure

t Circuit. The circuit for testing the ALC is shawn

es
16

56
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(1) Connect the ALC unit as shown in Figure 16,

(2) With the ocutput load open circuited and the
millivoltmeter removed from across the ALC terminala Al and A2:
insert a dc milliammeter in series with the +dc input line to ALC
terminal Al. Adjuast the dec input voltage to 265 Vdc and read the
no-load input current to the ALC for the off condition. Repeat
at 280 Vdc.

(3) Re-connect the load and the millivoltmeter as shown
in Figure 16. Select a 1 kW load (@ 270 Vdco).

(a) Slowly turn the 100 ohm input command signal
potentiometer CW from zero until the ALC unit initially turns on.
Record the milliamperes required on the data sheet.

(b) Similarly, slowly turn the 100 ohm input
command asignal potentiometer CCW until the ALC unit turns off.
Record the milliamperes required on the data sheet. (Note: Reaset
input command for 10 mAdc '"on'" aignal.)

(4) For each of the fcollowing locad currents: 4.5, 100,
200, 300, 400, 500, and 600 Adc; record the voltage drop across
ALC terminals Al-A2 (using zener diocde clamp circuit shown in
Figure 17) during the ALC turn-on and turn-off periadsa. Use the
input command asignal to the ALC aa a trigger and reference. Alao
record the actual losd current and the steady-atate and transient
voltage dropsa acroas ALC terminala Al and A2.

(3 For 600 Adc load currents, turn-on and off the unit
a minimum of three times within a two minute period. (Note:
Turn-on ALC only long enough to take data readingsa.)

(6) For a load current of 400 Adc (except as nated?,
racord the following waveforma during the ALC turn-on and turn-
off periocda (uaing the input command signal aas a trigger and
reference) :

(a) the voltage drop across ALC terminals Al-A2
(using the zener clamp circult shown 1n Figure 17);

(b) the dc input voltage to ALC (across terminal
Al to the 270 Vdc return), the dc cutput voltage from the ALC
(terminal A2 to the 270 Vdc return), and the voltage drop across
ALC terminala Al-A2 (not using the zener clamp circuit);

(c) the dc input current to ALC terminasl Al (100
Adc, maximum); and

(d) the dc output current from ALC terminal A2
(100 Adc, maximum).

S8
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TO Al

2 100K

-

[SAVARE 10
) OSCILLOSCOPE

TO AZ

Figure 17, Voltage Clamp Circuit for Obhserving Transistor
Switch and Relay Contact Voltage Drops.
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2. SUMMARY OF FINAL TEST RESULTS

UNIT #1 TESTED ON 29 MAY 1986::

No-Load Input Current at 265 Vdc: 113 mAdc

at 280 Vdc: 110 mAdc

At 4.5 +/~- 0.5 Adc Load Current:

Dec Input

LOAD
CURRENT
N IN ADC

100
200
300
400
j SO0
600 =
600 =

600 =

Turn-0n Command Current.:

> 7.58 mAdc

Turn-Qff Command Current: < 2.32 mAdc

Turn-0On Time (from turn-on
current command to relay

contact closure):

Turn-Qff Time (from turn-off
current command to transiator

switch turn-off?>

Voltage: 280 Vdc:

ACTUAL
LOAD

CURRENT
IN ADC

620

32 mS
7S mS
STEADY-STATE MAXIMUM FORWARD
VQTAGE DROP VOLTAGE DROP
ACROSS Al1-A2 ACROSS TRANSISTOR
IN mV SWITCH IN mV
3.1 200
35.2 &Q0
63.5 800
a9 1100
112.5 1400
133.9 1800
175.8 4QQ00
175.8 4000
175.8 4000

Three runs conducted within

60
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2. SUMMARY OF FINAL TEST RESULTS (CONTINUED)
UNIT #2 TESTED ON 29 MAY 1986:
No-lLoad Input Current at 265 Vdc: 115 mAdc
at 280 vdc: 112 mAdc
At 4.5 +/- 0.5 Adc Load Current:
Turn-0On Command Current: > 7.5 mAdc
Turn-Qff Command Current: < 2.4 mAdc
Turn-0On Time (from turn-on
current command to relay
contact closure): 33 mS
Turn-0ff Time (fram turn-off

current command to transistor
awitch turn-off) 74 mS

Dc Input Voltage: 280 Vdc:

LOAD ACTUAL STEADY-STATE MAXIMUM FORWARD
CURRENT LOAD VOTAGE DROP VOLTAGE DROP
IN ADC CURRENT ACROSS Al1-A2 ACROSS TRANSISTOR

IN ADC IN mVv SWITCH IN mV

4.5 4.9 7.9 200
100 102 lle 600
200 202 180 800
300 308 210 1100
400 403 250 1300
SO0 S523 306 1800
600 = 610 316 2600
600 = 610 3le . 2600
600 = 610 316 2600

s Three runs caonducted within a two minute periad.
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3. WAVEFORNMS OF ALC OPERATION.

The following pages contain operational waveforms of ALC

unita #1 and #2.

Table IV containa notes and abbreviationsa

associated with the waveforms,

TABLE IV. WAVEFORM NOTES AND ABBREVIATIONS

NOTES:

a.

A voltage clamp 1s required to observe transistor and
contact voltage drops 1n a 270 Vdc circuit. Such a clamp
13 ahown schematically 1n Figure 17,

b. Waveforms will be triggered by the turn-aon/turn-off input
command voltage signal across ALC terminslas R1 and R2.

c. The upper trace zerc line 1s faour (4) divisions from the
bottoma line. The lower trace zero line 18 one (1)
divigion from the bottom line.

ABBREVIATIONS MEANINGS

Al-A2 VOLTAGE
(CLAMPED?
Vs/DIV

COMMAND
VOLTAGE
V/DIV

Voltage across ALC terminals Al and A2
15 clamped (see Note a., abave) and has a
vertical sensitivity of V/Div.

Input command voltage signal across ALC
terminals R1 and R2 (J4-3 and J4-4,
respectively) and haa a vertical
senaitivity of V/Div.

The load current i1is Adc.

&2
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3. WAVEFUORMS GF ALC CPERATIQON: UNIT #1:

LOAD:
4.9 ADC

L8]
P

AL-A2 VCLTACGE
CCLAMPED @
200 av/DIV

TIUMMAND
VOLTAGEZ:
e Ll

Al-A2 VILTAGE
CoLAMPS D

e myv ool

JQMMAND
VOLTAGE:
Lo Y/DIV

AQRIZONTAL
SCALE:
20 m3/DIV

B R
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3. WAVEFQRMS OF ALC QPERATION: UNIT #1: (CONTINUED:

LCAD:
207 ADC

Al-A2 VOLTASE
tCLAMPED) :
00 mv/ DIV

SGMMAND
VOLTAGE:
19 VeDIy

Al-AZ VOLTAGE
CCLAMPELDL

1.0 VDI

COMMAND
VOLTAGE:
10 v/0IV

HORIZONTAL
SCALE:
20 mS/D1V
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CPERATIGN: UNIT #1: (CONTINUED:

Ly
SO

o
vo
10

~eS L
410 ATC
Al-AZ VDI TAGE

CCLAMPED
1L VDIV

AD:

O ADC

_}A.: ‘S ‘.AA:E
COLAMEED

i v DY

MMAND
LTAGE:
v/oIV

RIZOMTAL
SCALE:
m3/0ZIV
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[

114
3
ds
£
N
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SRMAOLF AL O FCcRATIOND UNIT #1: CJAONTINUED) :

LGAD:
520 ADC

Al-A2 VCLTAGE
(CLAMPED Y
<.0 V/DIV

JGMMAND
VQLTAGE:
12 v/oIv

HORIZONTAL
3CALE:
20 m3/01/

ESZSFULLY TPERATED AT 220 ADC THREE

LQUAD:
40U ADC

DCOTNEUT
VOLTAGE:
100 Y/ DIV

COMMAND
VOLTAGE:
10 V/DIV

HORIZANTAL
SCALE:
100 m3/D1V
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3. WAVEFUORMS COF ALC JPERATICGN: UNIT #1: CIONTINUED @

LOAD:
400 A0C

SUTRUT
YILTAGE:

LD NV DY

TOMMAND

- JLTACE:

vy .,
- ‘e i

y

TR

$00 ALC

-
4

[ ol W
[ RS IR i

Al-Al

COMMAND
VOLTAGE:
10 v/DIV

HORIZGNTAL
SCALE:
100 mS/D1IV
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UNIT #1:

CCAONTINUED ) @

LOAD:

LUQ ANC

COMMAND
YOLTAGZ:

QMDY

HORIZGNTAL
SCALE:

100 mSo L
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100 ADC

COMMAND
VOLTAGE:
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IIX. TEST VERIFICATION

A breadboard and two prototype Advanced Line Contactors (ALCs)
have been fabricated and successfully tested to contract
requirementsa.

The reople listed below have witnessed that the ALCs are able to
turn-on and turn-off continucus load currents between zero and
400 Adc: and non-centinuous overload currents of 600 Adc can be
turned-on and off three times in two minutes. In addition they
verify, to the besat of their knowledge, that all waveforms and

teat data are true.

1. Herbert Schamp, Test Conductor and Responsible for ALC
Prototype Fabrication: ! /

- /
ERSY, =
;;"_(:‘a_zs.ﬁ}dliJﬁﬁfff _______________
7

2. Charles B. Hassan, Circuit Designer:
.98 Phetan 06-03-56.
2. James E. Honeycutt, Sup%7v150r:
] Lo 7'74)%44 e LE~CY-F6

SR A el aNe

75
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TELCON:

TO: Ed White (Code 6012) of Naval Air Development Center
Warminster, PA

From: Jim Honeycutt of Lockheed Advance Marine Systems
San Diego, Ca

Date: 237 May 173&s& Time: 11:30 AN

1. Jaim Honeycutt :informed Ed White that AMS had successfully
tested two Functicnally Equivalent Prototype Advanced Line
Contactors.

2. The test was conducted with load currents from 4.5 Adc to
600 Adc, and included turning-on and off 600 Adc three times
within two minutes.

3. Mr. Honeycutt pointed out to Mr. White that:

a. ALC Unit #1 had a total turn-off time of 90 milliseconds
at 620 Adc (transistor on-time could be shortened and
reduce the total turn-off time by to 20 milliseconds):

b. ALC Unit #2 had a total turn-off time of 72 milliseconds
at 610 Adc (transistor on-time ccould ke shartened and
reduce the total turn-off time by 20 milliseconds):

c. ALC Unit #2 contains the rebuilt contactor that was
previously damasged by opening a 634 Adc load (the
transistor power switch turned-off before the contactor
opened). As a result, the contact voltage drop is
higher than anticipated. It is 250 millivolts at 400
Adc, 306 at S00 Adc, and 3le at 610 Adc.

d. Near the end of testing, the 2 mAdc leakage current
failure light came on in ALC Unit #2. After the unit
was shutdown to measure the actual leakage current
(which was only 0.25 mAdc) the failure light did not
reappear. Subaequent trouble shooting did not reveal
the cause.

Mr. Honeycutt asked Mr. White for direction. Mr., White indicated
that he was pleased with the results and wanted ALC Unita #1 and
#2 shipped to NARDC with out any additional work. Mr. Honeycutt
said that he would comply.

Mr. Honeycutt also mentioned that the transistor switch voltage
drop at 610-620 Adc was only 2.6 Vdc in ALC Unit #2, but waa 4.00
Vde in ALC Unit #1 (S Vdc is apec max.).

— ) o .
J.E. Honeycutt: _ -..L-Jél’&%l_}é_v_ﬂ__ _____________ Cl-o04z38

C.B. Hassan: __Z);_Z_'_%J,M ______________ O_ §_’_O.3_:é’_6__-







